Introduction
Recently, polyimides (PIs) with a low dielectric property have been required in their optoelectronic and microelectronic applications. The general methods for reducing dielectric constants of PIs are to introduce low molar polarization atoms such as fluorine or bulky structures such as alicyclic moiety into the PI backbones. Therefore fluorinated PIs [1] and alicyclic PIs [2] [3] [4] have been synthesized to obtain low dielectric materials. However the synthesis of alicyclic PIs derived from fluorinated alicyclic monomers have not reported to date. This prompted us to investigate the synthesis of fluorine-containing alicyclic PIs. This paper deals with the synthesis and properties of fluorine-containing alicyclic PIs derived from novel fluorine-containing alicyclic diamine, 4,4'-hexafluoroisopropylidenebis(cyclohexylamine) (6FBCA).
2. Experimental 2.1. Materials 6FBCA was supplied from Central Glass Co. Ltd.. 6FBCA was prepared by the catalytic hydrogenation of 4,4'-(hexafluoroisopropylidene) -dianiline and purified by distillation: mp 40-42°C, by 115°C (0.2 Torr).
1,2,3,4-Cyclobutane -tetracarboxylic dianhydride (CBDA) was supplied from Nissan Chemical Industries, Ltd.. CBDA was heated in acetic anhydride at 100°C for 1 h and dried at 100°C under vacuum.
4,4' -(Hexafluoro-isopropylidene)diphthalic anhydride (6FDA) was supplied by Central Glass Co. Ltd. 6FDA was purified by sublimation.
N, C -Bis-(trimethylsilyl)-trifluoroacetamide (BSTFAJ was used without further purification. Polyaddition of dianhydrides and N-silylated 6FBCA prepared in situ by the reaction with the silylation agent (BSTFA) proceeded in homogeneous system and afforded clear and viscous PASE solutions. Table 1 summarizes the results of the synthesis of PASEs. The inherent viscosities of PASEs were around 0.5 dL/g. PASEs were subjected to thermal imidization at 300°C for 1 h to be converted to PIs in the elimination of trimethylsilanol.
Properties of polyimides
PIs dissolved in aprotic polar solvents such as 1,3-dimethyl-2-imidazolidone, N-methyl-2-pyrrolidone, and DMAc.
The PI derived from 6FDA had better solubility and were also soluble in tetrahydrofuran and chloroform. The thermal properties of PIs were shown in Table  2 . The glass transition temperatures (Tg) of PIs derived from 6FDA and CBDA were 271 and 283°C, respectively. The thermal decomposition temperatures (T5) of PIs in air and nitrogen were in the range of 390-395°C and 435-450°C, respectively. Figure 1 shows UV-visible spectra of PI films. The spectrum of PI derived from CBDA exhibits the cutoff wavelength of 230 nm, which was shorter than that of PI derived from 6FDA. The PIs had colorlessness and good optical transparency.
The in-plane and out-of-plane refractive indices of PI films at 632.8 nm were measured by a prism coupler and listed in Table 3 .
The small birefringences (An) of PIs were obtained as 0. dianhvdride n a) nm)b) nA,C) ,d) Table 2 . Thermal properties of PI films Tg a) T b) °C T C)( C)
